Introduction:
Rhegmatogenous retinal detachments (RD) occur when a tear, break, or hole enables vitreous fluid to pass underneath the neurosensory layer into the subretinal space. 1 This type of retinal detachment occurs in approximately 1-2 in 10,000 individuals, with a peak incidence between the ages of 60-69. 2 Common risk factors include recent onset of posterior vitreous detachment, myopia, lattice degeneration, and cataract surgery. 2, 3, 4, 5 Three surgical procedures provide the foundation for management of RD: pneumatic retinopexy (PR), scleral buckle (SB), and pars plana vitrectomy (PPV). In PR, a small gas bubble (sulfur hexafluoride or perfluoropropane) is injected into the vitreous to tamponade the retinal break, while the retinal pigment epithelial (RPE) pumps out the subretinal fluid. Cryotherapy or laser retinopexy is used to permanently seal the break. During SB, an extraocular silicone belt is encircled around the globe to externally relieve vitreoretinal traction. A segmental SB may be employed in cases where relief of vitreoretinal traction is only needed in an isolated area. SB can also include cryotherapy, laser retinopexy, external drainage and/or intraocular gas tamponade.
In PPV, the surgeon uses an intraocular approach to remove the vitreous and internally relieve vitreoretinal traction, while internally reattaching the detached retina to the RPE and sealing the break(s) with cryotherapy or laser. Combined SB and PPV (SB/PPV) enables the surgeon to externally relieve vitreoretinal traction with a buckle while also manually approximating the detached retina to the RPE. Targeted laser therapy may be used in cases of small, peripheral detachments, and for retinal breaks without detachment from the RPE. 1 than one break separated by more than one clock-hour, and inferior detachments if special postprocedure positioning is used. 8, 9, 10, 11 Surgeons often choose SB, PPV, or combined SB/PPV for more complex retinal detachments. 1 Several randomized, controlled trials and retrospective studies have investigated the effectiveness of PPV and SB. Two trials demonstrated a higher single surgery success rate for pseudophakic eyes after PPV compared to SB. 12 16 and one large trial demonstrated better final visual acuity in phakic eyes undergoing SB. 15 Finally, a recent meta-analysis comparing the anatomic success rate of combined SB/PPV with PPV alone demonstrated a statistically significant benefit of the combined procedure. 17 Although almost all studies comparing SB/PPV to PPV alone are nonrandomized and therefore vulnerable to selection bias, eyes undergoing SB/PPV demonstrated higher rates of macula-off RD and inferior breaks and similar frequencies of advanced PVR as compared to the PPV group.
17, 18
The most significant complication after PR, SB, or PPV is recurrent detachment requiring additional procedures. Additionally, in PR eyes, about 5-10% develop PVR. 19 Complications of SB include increased axial myopia, diplopia, choroidal detachment, PVR, cystoid macular edema, eyelid abnormalities, and late extrusion or infection of the buckle. 1, 6 Eyes undergoing PPV, as compared to those undergoing SB, observe more rapid cataract formation while having similar rates of PVR (15-20%), cystoid macular edema (10-15%), and increased postoperative intraocular pressure (8-10%). 1, 20 Due to differences in patient selection, the rates of PVR in PR are not directly comparable to those observed in these studies for SB and PPV.
Logistically, PR confers a significant advantage as an office-based intervention. As SB and PPV are performed in an operating theater, obtaining access to these interventions may delay treatment and be associated with higher costs. 10 Because delays in treatment may decrease visual recovery, 21 and due to PR's favorable complication profile in select patients, PR is a useful procedure for patients with appropriate anatomical considerations. therapy to the break(s) followed by an intraocular gas injection. A failed PR was defined as one where the eye required a repeat PR, or PPV or SB/PPV for persistent or recurrent retinal detachment within 1 year of the primary PR. Only one eye meeting inclusion criteria underwent scleral buckling without PPV after failed PR, and thus this case was excluded in analysis. Eyes requiring only additional laser or cryo therapy in the immediate post-op period were not considered pneumatic failures. Patients were followed to one year. Five patients had less than one year but more than six months follow-up; therefore, the last observation for these patients was carried forward to one year. Those who did not require an additional PR or vitreoretinal procedure for retinal detachment within one year were excluded.
Cases occurring from July 1, 2009 to May 1, 2012 were included in a prior published study that analyzed success rates and preoperative characteristics of the primary pneumatic procedure. 10 The current study adds patients through July 1, 2014, and is unique in that it evaluates outcomes specifically in patients who fail primary pneumatic retinopexy. Descriptive statistics were used to summarize the demographic features, preoperative characteristics, visual presentations, and functional and anatomic outcomes. Composite analysis on all surgeries and subgroup analysis was performed for cases undergoing pneumatic retinopexy, pars plana vitrectomy, and combined scleral buckle/pars plana vitrectomy.
Functional outcomes were also subanalyzed according to macula status for all procedures and lens status for PPV procedures. The latter subanalysis was an attempt to control for cataract development among phakic patients. Anatomic success rates were compared overall and on a procedure-specific basis for all patients, phakic patients, pseudophakic patients, macula-on patients at the time of PR failure, and macula-off patients at the time of PR failure.
Statistical analyses were performed using Stata 12 (College Station, TX) and Microsoft Excel (Redmond, WA). A 2-tailed test of proportion was used to compare rates and other discrete outcomes. A 2-tailed paired Student t-test was used to compare visual acuity presentation differences and outcomes.
IRB approval was obtained from Chesapeake Institutional Review Board (Columbia, MD).
Results:

Demographics
Of 426 PR cases that occurred within the study period, 73 cases met inclusion and exclusion criteria. Previous publication showed that the initial PR success rate for this group of surgeons is 79%. 5 Demographics of the included cases are displayed in Table 1 (available at http://aaojournal.org) and are stratified by secondary procedure.
Pre-operative characteristics at primary presentations and time of PR failure are presented in Table 2 for each type of secondary procedure. Overall, 77% and 66% of maculae were 
Time to failure of initial PR:
The cumulative 50 th percentile for time to failure of the initial PR was 6 days and ranged from 1 to 250 days ( Figure 1 ). The majority of PR failures (80%) occurred within one month of primary PR. Twelve eyes (21%) with attached maculae at the time of primary PR had a detached macula at the time of their secondary procedure. The cumulative 50 th percentile to macula detachment was 7 days and ranged from 1 to 157 days ( Figure 1 ).
Anatomic Outcomes:
No significant differences were observed in single surgery anatomic success rates for the secondary procedure when stratified by procedure type (75% overall; 63% repeat PR vs 76% PPV, p = 0.34; repeat PR vs. 88% SB/PPV, p = 0.22; PPV vs. SB/PPV, p = 0.48, Figure 2 ).
There were no differences in anatomic success rates between phakic versus pseudophakic eyes (79% vs. 68%, p = 0.39), nor for macula-attached versus macula-detached eyes (79% vs. 65%, p = 0.25).
In total, 100 surgeries after the initial failed PR were performed on the 73 eyes (7 additional procedures for the 16 eyes in the repeat PR group vs 3 additional procedures for the group vs 3 additional procedures for the 16 SB/PPV eyes, p = 0.24). One PPV eyes received a total four procedures and one received a total of six procedures. Final anatomic success at one year was 100%.
Functional Outcomes:
Visual acuities at initial presentation, at the time of PR failure, and at one-year follow-up are displayed in Table 3 . The overall mean visual acuity one-year after surgery for failed PR vision for each respective procedure group was similar at the time of PR failure and at one-year follow-up (79% vs 81% for repeat PR, p = 1; 46% vs 63% for PPV, p = 0.18; 50% vs 64% for SB/PPV, p = 1). These were not necessarily the same eyes, however. The percent of eyes with visual improvement between PR failure and one-year was similar across groups (50% for PR, 51% for PPV, and 50% for SB/PPV) and some eyes maintained the same vision (25% in PR, 22% in PPV, and 7% in SB/PPV).
Macula Status
Eyes with detached maculae at the time of PR failure had worse vision compared to eyes with attached maculae (maculae-detached LogMAR VA 1.11 [20/256] Among patients who were phakic at time of PR failure (10 repeat PR eyes, 26 PPV eyes, and 15 SB/PPV eyes), cataract extraction occurred at a statistically higher rate in the PPV eyes compared to the repeat PR eyes (62% vs 10%, p = 0.008). The cataract extraction rate for SB/PPV eyes compared to PR eyes trended toward statistical significance (47% vs 10%, p = 0.09). Statistically comparable rates of cataract extraction were observed for the PPV eyes compared to the SB/PPV eyes (62%, vs 47%, p = 0.52)
Lens status and cataract development
Discussion
Approximately one quarter of eyes undergoing PR for retinal detachment will fail. 7 The overall single surgery success rate for the secondary procedure, 75%, is similar to the initial PR, and is consistent with prior reports. 10, 26 After failed PR, the success rates of repeat PR (63%), PPV (76%), and SB/PPV (88%) are generally lower than published reports of the individual procedures for primary RD (75% for PR and greater than 90% for PPV or SB/PPV). 7, 14, 28, 29 These findings suggest that failure of primary PR selects for RD's that may be more difficult to reattach. Indeed, the 73 eyes failing PR in this series undergoing a secondary procedure required an additional 27 procedures for retinal reattachment, with two eyes requiring four or more procedures.
Functionally, eyes failing PR had no change in visual acuity at 1 year after secondary PPV or SB/PPV, contrary to the improvement in visual acuity noted after successful PR. 10 It appears a failed PR may portend a worse visual outcome compared to those that succeed. Among 107 successfully reattached RD's after PR, the visual acuity at 6 months was LogMAR 0.20 [20/32] (unpublished data). 10 In the present study, the visual acuity 1 year after a failed PR for Though there was no statistical difference in the success rates for secondary RD based on type of surgery, there was a trend toward higher success rates with more extensive surgery with 88% of eyes undergoing SB/PPV remaining attached without further surgery. Moreover, failed PR cases with PVR were overrepresented in the SB/PPV group with borderline statistical significance. This may suggest a selection bias that could possibly lower the anatomic and functional success of SB/PPV. But the above results suggest that SB/PPV, though more invasive than PPV alone or repeat PR, may be worth considering after failed PR, particularly in cases of PVR or for those with greater clinical concern. It is important to realize, however, that there was no difference in visual acuity at 1 year between eyes undergoing SB/PPV and PPV alone. It remains unclear which procedure should be performed in the event of a failed PR. A randomized prospective study would help determine the true difference in success rates for a repeat PR, PPV, SB, or a SB/PPV after failed PR.
Repeating PR after failure of the primary PR can be a useful option in select cases, albeit with lower success rates than more extensive surgery. In the present series, eyes undergoing repeat PR had better visual acuity than eyes undergoing PPV or SB/PPV, were more likely to have attached maculae, and had no PVR. Thus there appeared to be a bias of offering repeat PR to "milder" recurrent RD's. Nonetheless, repeat PR remains a useful tool for such milder cases
given that the 63% of success rate in the present study is not statistically different than the 75% literature success rate for initial PR, and that eyes undergoing repeat PR experienced the same visual acuity improvements as more extensive surgery.
Interestingly, 21% of macula-attached patients who failed PR, or about 4% of all maculaattached patients who receive PR for primary retinal detachment, will present with macular involvement at the time of retinal redetachment. Moreover, about half of patients who fail PR do so within the first week. Thus, it may be worthwhile to follow macula-attached patients undergoing PR closely within the first week to possibly intervene in cases that are failing before the macula is involved.
There are several limitations to the current study. Its retrospective nature makes it vulnerable to the common potential pitfalls of such studies, such as surgeon preference and selection bias, as demonstrated by the observation that more favorable eyes tended to receive repeat PR and a greater number of eyes with PVR received SB/PPV. The three groups, repeat PR, PPV, SB/PPV, did not have a balanced number of patients, and there was only one patient who received SB alone after failed PR. Duration of macular detachment prior to presentation was not well-documented in the medical record and could not reliably be assessed. In addition, this study was not able to determine best-corrected visual acuity, or control for other variables that may limit visual acuity, such as cataract, corneal pathology or macular pathology. However, the subanalysis of PPV patients stratified by lens status showed that the results did not appreciably change for phakic or pseudophakic at one-year follow-up. Finally, it is possible that eyes in the present study would have experienced additional visual improvement if they were followed longer than one year, as suggested by the randomized, controlled trial comparing PR with SB, which found a 10% improvement in vision between 6 and 24 months in both groups. 31 In conclusion, retinal detachments failing PR in this series required more than two total procedures 25% of the time. Functionally, the visual acuity at one year is similar to that at initial presentation. Though there was no statistical difference between repeat PR, PPV, and SB/PPV success rates after PR failure, there is a trend toward higher success rates with more extensive surgery, albeit without difference in final visual acuity between PPV and SB/PPV. A randomized controlled trial is necessary to best determine the most effective procedure after a failed pneumatic. Table 2 . Pre-operative characteristics of eyes at time of pneumatic retinopexy failure n(%) where % of "All" cases is the percent of total cases. % for specific procedures is the % of cases for that procedure. PR = pneumatic retinopexy, PPV = pars plana vitrectomy, SB/PPV = combined scleral buckle/pars plana vitrectomy. undergoing pars plana vitrectomy (PPV), the gray bar shows success rates of 76% for all eyes (n = 41), 80% for phakic eyes (n = 25), 69% for pseudophakic eyes (n = 16), 80% for maculaattached eyes (n = 25), and 69% for macula-detached eyes (n = 16). For eyes undergoing repeat pneumatic retinopexy (PR), the black bar shows success rates of 63% for all eyes (n = 16), 67%
for phakic eyes (n = 9), 57% for pseudophakic eyes (n = 7), and 69% for macula-attached eyes (n = 13). All 3 macula-detached eyes that underwent repeat PR failed and are not shown. For eyes undergoing combined scleral buckle/pars plana vitrectomy (SB/PPV), the gray-striped bar shows success rates of 88% for all eyes (n = 16), 86% for phakic eyes (n = 14), 90% for maculaattached eyes (n = 10), and 80% for macula-detached eyes (n = 6). 2 SB/PPV pseudophakic patients succeeded and are not shown. Taking a weighted average of all procedures, the overall success rate was 75% for all eyes, 79% for phakic eyes (n = 48), 65% for pseudophakic eyes (n = 25), 79% for macula-attached eyes (n = 28), and 65% for macula-detached eyes (n = 25). There were no statistically significant differences between these rates. 
